Unlike the oat coleoptile, which reacts sensitively to light, the green rice leaf does not bend toward the source of the light. In the previous paper'), it was demonstrated that the sucrose-induced growth in the length of leaf sheath sections isolated from the basal region of the rice leaf was inhibited by auxin but stimulated by gibberellin A. Moreover, the author') found that the ether extract of immature bean seeds contains a growth substance which promotes the growth of the intact foliage leaf of rice plants. These facts led the author to suspect that a growth factor or factors other than auxin may be operating in the growth regulating system of rice plants. On the other hand, the gibberellins, which were initially isolated from the metabolic product of the fungus Gibberella fujikuroi, have now been established to occur in higher plants by several researchers" , 4 , 5) including the author'). Some of the active substances have been identified as gibberellin A1' 8 , 9) . Hence, it seemed interesting to examine whether or not the growth factor such as gibberellin A is detected in rice plants.
Unlike the oat coleoptile, which reacts sensitively to light, the green rice leaf does not bend toward the source of the light. In the previous paper'), it was demonstrated that the sucrose-induced growth in the length of leaf sheath sections isolated from the basal region of the rice leaf was inhibited by auxin but stimulated by gibberellin A. Moreover, the author') found that the ether extract of immature bean seeds contains a growth substance which promotes the growth of the intact foliage leaf of rice plants. These facts led the author to suspect that a growth factor or factors other than auxin may be operating in the growth regulating system of rice plants. On the other hand, the gibberellins, which were initially isolated from the metabolic product of the fungus Gibberella fujikuroi, have now been established to occur in higher plants by several researchers" , 4 , 5) including the author'). Some of the active substances have been identified as gibberellin A1' 8 , 9) . Hence, it seemed interesting to examine whether or not the growth factor such as gibberellin A is detected in rice plants.
This paper aims to present the direct evidence for the occurrence of gibberellin A or its similar active substances in cereal grasses.
Materials and Methods
The occurrence of gibberellin-like substances was examined on shoots, roots, and immature grains of rice, wheat, and maize.
Rice (var. Aichi-asahi) was grown in the paddy field in order to take samples of shoots and immature grains. 230 shoots (total fresh weight 184 g.) at the fifth leaf stage, and 11,130 grains (total fresh weight 260 g.) at the milk ripe stage were harvested for the extraction. 620 g. fresh weight of roots were detached from the plants at the tenth leaf stage, which were grown in water culture.
Wheat (var. Akasabishirazu) was grown in the field. 220 shoots (total fresh weight 220 g.) at the seventh leaf stage and 2,400 grains (total fresh weight 95 g.) at the similar ripe stage to that of the rice plant were harvested for the extraction.
Maize (var. Choko 161) was also grown in the field. 190 shoots (total fresh weight 220 g.) and 150 g. of roots were harvested at the fourth leaf stage. Roots were washed free from soil. 1,620 grains (total fresh weight 290 g .) were harvested at the milk ripe stage.
The methods of plant extraction, chromatography, and bioassay are similar to those used in the previous papers' S lo) .
Extraction : Each plant material, immediately after harvesting was ground in a blendor with eight times its fresh weight of 70% acetone and this blended mixture was allowed to stand overnight at room temperature. The homogenate was then filtered off the solid material with suction, and the residue was extracted once more in a similar manner. The combined filtrates were evaporated under reduced pressure. The resulting aqueous residue was adjusted to pH 7.0 with sodium hydroxide and filtered. The filtrate was acidified to pH 2.0 with phosphoric acid and extracted with three National Institute of Agricultural Sciences, Nishigahara, Kita-ku, Tokyo, Japan.
portions of ethyl acetate. The ethyl acetate solution was then extracted with three portions of 1 M phosphate buffer at pH 7.0. This phosphate buffer solution was acidified to pH 2.0 with phosphoric acid and extracted again with three portions of ethyl acetate.
The ethyl acetate extract was dried by anhydrous sodium sulfate overnight and then the solvent was distilled off under reduced pressure.
The resulting residue was taken up in a small volume of acetone and was subjected to paper chromatography.
Paper chromatography and bioassay : Ascending paper chromatography was carried out on Toyo No. 50 filter paper at about 28° with the mixture of iso-propanol /water/ammonia (10:1:1) until the solvent front was 32 cm. from the starting line. The developed chromatogram was dried and divided transversely into 16 equal strips. Each strip was again cut into fine segments, placed in beakers 2 cm. in diameter and 7 cm. in height containing 1.5 ml. of water, and bioassayed by the author's rice seedling method, which is specific to gibberellin A. Briefly, five rice seedlings (var. Aichi-asahi), whose coleoptiles attained about lmm., were planted on each paper piece and allowed to grow under ordinary daylight conditions at about 30°. They were supplied with 0.5 ml. water every day. The length of the second leaf sheath was measured after 7 days.
A result typical of the rice seedling method is given in Fig. 1 .
Results
The occurrence of gibberellin-like activity in cereal grasses was examined in the extracts obtained from shoots, roots, and immature grains of rice, wheat and maize. The results are summarized in the form of histograms showing the length of leaf sheath of the test rice seedling (Fig. 2 ). It will be seen from these histograms that the gibberellin-like activity is detected in all tissues of cereal grasses examined.
On the extracts from rice shoots (Fig. 2-A) , roots ( Fig. 2-B) , and grains ( Fig. 2-C) , and wheat grains (Fig. 2-E) , the gibberellin-like activity was spread over the lower half of each chromatogram with the maximum peak near R f 0.3. When gibberellin A alone is developed with ammoniacal iso-propanol and bioassayed with rice seedlings, its growth-promoting activity is found near R f 0.72,6). Since impurities in plant extracts cause variations in the Rf value of gibberellin A, further investigations are required to confirm whether the chemically known gibberellin A is responsible for these growth-promoting activities. On the histograms of the extracts obtained from wheat shoots (Fig. 2-D) , and maize shoots (Fig. 2-F), roots (Fig. 2-G) and grains ( Fig. 2-H) , another zone of growthpromoting activity was detected at the solvent front in addition to that already mentioned. Very recently, Simpson") has found a similar result with etiolated wheat seedlings.
He has reported that the extract obtained from etiolated wheat seedlings, after chromatography on paper with ammoniacal iso-propanol and bioassay with a dwarf pea, gives two zones of growth promotion and that one of them is located at the solvent front. The approximate amounts of substances with gibberellin-like activity were estimated by comparison with a standard gibberellin A3 bioassay.
The total active substances in 100 g. fresh weight of rice, wheat and maize grains were approximately equivalent to 0.7, 1.5, and 0.5 sag. gibberellin A3, respectively.
In their shoots or roots, there was a much lower concentration of gibberellin-like substances . The concentration was roughly estimated to be 0.1-0.5 ,ug. per 100 g. fresh weight. Radley5) has found the similar amounts of gibberellin-like substances in pea shoots, while McComb and Carr12) have found 2.11 gibberellin A3 equivalents per 100 g . fresh weight of pea shoots. It should be noted that these results are only semi-quantitative.
Discussion
The present experimental data indicate that the gibberellins, which are characterized by their capacity to induce the elongation of intact green plants, are widely distributed in various tissues of cereal grasses and operating in their growth regulating system.
Numerous height varieties of many cultivated plants are in existence and their inheritable size is generally believed to be related to the metabolism of auxin such as indoleacetic acid. Indeed, auxin, which was driven from the study of a curvature of the coleoptile, has been shown to promote markedly the growth of the section of coleoptiles.
Thus the oat or wheat coleoptile section is most widely used for the survey of naturally occurring growth substances in plants.
There are, however, little records of auxin applications increasing growth of intact green plants.
It is generally assumed that this absence of growth-promoting activity would be expected if auxin levels in green plants are not suboptimal, but there is no direct evidence for the supra-optimal presence of free auxin in them.
On the contrary, no free auxin, which is diff usible into agar block, could be detected in the green leaf of rice plants'). Further, supplying an auxin, 2, 4-dichlorophenoxyacetic acid, to dwarf green rice plants may initiate growth responses such as epinasty but, depending on the amount supplied, may check normal growth as would a toxin.
Gibberellin A promotes the growth of intact green plants and, morever, there is now a considerable body of evidence on the occurrence of gibberellin A or its similar active substances in a wide range of plant tissues.
These facts suggest that the inheritable height of plants is not related to a hormone of auxin but that of gibberellin. Therefore, the bioassay of the hormone controlling growth should be carried out by the use of the intact green plant. Also, it has been known that gibberellin A has a slight activity in the oat or wheat coleoptile section test'3,14). The possibility must be recognized, therefore, that the existence of gibberellin-like substances in plant extracts may occasionally be demonstrated under the name of auxin, if the oat or wheat coleoptile section test is used for the bioassay of native growth hormones.
Summary
The occurrence of gibberellin-like substances in extracts of shoots, roots and immature grains of rice and maize, and shoots and immature grains of wheat was examined by the rice seedling method after chromatography on paper with ammoniacal iso-propanol.
Gibberellin-like substances were present in amounts approximately equivalent to 0.1-0.5 ,ug. of gibberellin A3 per 100 g. fresh weight in shoots and roots, and 0.5-1.5 ,ug. in immature grains.
The necessity for the use of intact green plants for bioassay of hormones, which are responsible for elongation in shoots, is discussed.
